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PURPOSE

The purpose of this report is 10 present récently

achieved modifications to the previously presented’
tentative theory on selective withdrawal from stratified

raservoirs. The author also attempts to develop and
present the theory with design curves and formulas
that are of practtcable sugnuf:cance -

RESULTS

1. Attempts to correlate inaccdrq_cies inwithdrawal

layer thickness prediction with variation in the -

density gradient from the assumed [|near dlstrlbu-
tion proued mconcluswe :

2. Dimensionless velocity distribution sur_ves wWere
developed for withdrawal layers that were either
unrestricted or restricted by the bottom-or the
water surface. In these curves the dimensionless

velocity term (the local velocity divided by the .

maximum velocity in the withdrawal layer) is
correlated to the density gradient across the with-
drawal layer and the relative location within the
withdrawal I\aver

.
\

Iayers not r_estrlcted by the water surface or bottom,

" the elevation of the maximum velocity in the flow
was the same as that of the center of the withdrawal
outlet. - i

4, For withdrawal layers that are restricted by -
either the water surface or the bottom, the location.

of the maximum velocity was found to shift from
the outlet centerline towards the restricting bound-
ary. A curve zo evaluate this shift was developed.
The curve correlates the relative positions of the
restricting boundary and the outlet centerline (with
respect to the total withdrawal layer thickness) to
the maximum velocity location.

5. A correlation between uneven discharge distribu-’

tions within the withdrawal layer and the predicted
half-layer thickness (distances from outlet centerline
to layer houndaries) was developed for half layers
that.are not restricted by a boundary. |t was found

that variations from a uniform discharge distribu-

tion could be evaluated. These in turn could be used
to’ develop medified discharges for use in evaluation
of corrected withdrawal layer boundaries.
correction is only meaningful for unrestricted half
layers, The thickness of the restricted half layers is

established by physical limits and therefore cannot

be modified.

This |,

APPLICATION

2l

The material in this report is intended pr'imarilly'for use

by U5, Bureau of Reclamation (USBR} designers in
designing facilities for selective-withdrawal from reser- *

voirs, The contents should also be of |nterest to other
researchers ‘in this field.” Emphasis is placed on ‘the
hydraulic engineering -aspects of selactive withdrawal.

k

l\ITRO DUCTlON

(U

This third and flna! report comp[etes a series deal:ﬁg
with the hydraulics of stratl‘led flows as applled to
selectwe mthdrawal from reservolrs

“The studles described by these reports were. initiated
on the premise that: :many ‘water quality’ ‘parameters

foliow the patterns established by reservoir stratifica- -

tion. 1t was also realized- that the quahty of reservoir -
-outflow could be. controlied through sselective wnth-
drawal; however, “knowledge of the mechanics of
‘stratified flow and selective wnthdrawakwas limited and ==
.more- accurate predictive abilities Wwere needed to
optimize design and operation of selective withdrawal

" structures,

In“the first report ir1 thi.s series'* D. L. King'presented

a summary of the basic theories and principles dealing

. with stratified flows and'selective W|thdrawl He also

. discussed hydraulic mcdellng problems. which include
similitude and modeling law "questions as. well as
physical modeling’ facility and instrumentation diffi-
culties, Finally, in the initial report King evaluated the
state | of -research-as of 1966 in which _he not only.
presented a review of literature and a summary, of
USER activifies, but also an evaluation of areas needing

additional research and a proposal for research by the

Hydraulics Branch, Dw|5|on of General Research of the
USBR.

The second report in thls senes also by D. L Klng
rev:ewed past research in reservonr stratification and
selactive withdrawal, He then presented a tentative
theory for aiding in the solution of design-and
operationai-sélective withdrawal problems. In his analy-
sis King ‘modified the formula for the densimetric
Froude number as:suggested by Debter.® This formula
is: :

F =

— 0.28% 0.04
g'd '

*Superscript numbers refer to references listed at the end of this report.

e
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densimetric Froude number
average volocity in withdrawal layer
g hplp
o density at orifice centerline _
hp density differential across layer
d thickness of withdrawal layer

He then developed equations o_f the general-for}ﬁ:

A Wd
0 .

F': =K
~/gd - D?

2

where . : '
Vo, = velocity through W1thdraw.:i orrhce :
K = constant depending upon the shape.of the
g withdrawal orifice and the value of the *
“critical denstmemc Froude number (selec:-
twe withdrawail can be accomplished only
for denstmetrrc Froude- numbers below the
critical value} '
channel width
= -withdrawal layer thickness above of Delow
the orifice centerline .
diameter or vertical width of outlet.

King then rearraiiged terms to obtain:

. DR ey vy

-—-9w-— =0 K d3 w2 {3
which is a convenient form of the.equation that may
be applied easily in digital computer. solutions. This:
analysis, howvever, contains several -assumptions and

simplifications which limit the flexibility and accuracy --

of the method. The first oF these assumptions is that.

the density gradient across each half layer is linear, In .-

actuality, however, this is almost never tha case. In
many cases the deviation from Jinearity is extreme. A
second and equally significant assumption is that the

total discharge ‘is equally divided between the upper.: .

and Jower portions of the. withdrawal layer.” This
assumption is probably erroneous i all cases where the:
density gradient is not balanced about the withdrawal
centerline., However, this error is generally most severe
in those cases involving surface or bottom interference
As King noted: .

1y
P
.'—'.:

When inteTsection with the resewojr bottom or
water surface occurs, this assumpt.onr (equa!ly di-
vided discharge) is no longer valid. d is now less than
the value required to satisfy equation {3). The
discharge above or below the orifice is then adjusted
by multiplying the discharge by ‘the ratio of the
right side to the left side of equation {3). The

resulting - excess dischérge is appiied to the other
portion of the withdrawal layer.®

“ 1t is also noted that, this discharge correction factor is

probabiy not comipletely accurate, -King recommended
in the second reportathat future work should evaluate
the velocity distribution.in the w1thdrawal layer and =
that- this information could: be used to-determine the. .
. diseharge distribution in the layer. This could be done” -
for cases both with and without -water surface :or
bottom interference. - o '

i . . i

'Because"'qf. the nature of the study, it was not possible;
~ to consider specific-reservoir shapes and outlet config-

urations. These - factors change from site to. site and
thus do not lend- themselves to a generalized research
study: The results of this analysis are therefore most *
applicavle to straight, uniform reservoirs with relatively
“symmetrical and unrestricted outlet placements The: -
results of this study can be expected to be representa- :
tive for many facilities, Highly 'sinuous reservoirs,;
reservoirs with severe constr|ct|0n=/|ntake atrunmes. :

= W|th indirect. access to the rese; ',mr and other srmilar. :
.phys:cal T__Elcfcors c¢an be expeetn,d to’ reduce. the accu-
" racy - of representation,

It may also hbe desirable, in
some cases, particularly for larger structures or struc-

_tures for which the selective -withdrawal ablhty

crmcal’/ 1o refine this analysis. Model studies of specmc '
installations can consider factors that are Seyond the
scope of this study and therefore can provide accurate

predmtwe capabilities and the most effective demgn.

In this, the third and fipal report an attempt is.made
to develop more accurate predictive methods. This -
zdditional ‘accuracy is gained through the development
of. momflc'ittons to the basic formula, equation {3}.
These modifications attempt to consider the effect of.
hoth ‘deviations from & linear -density gradient and
dewat:ons from an 2qual discharge distribution, This..
report’ also attempts to present design curves and
procedures that are of pra-:j,tlcable significance.

| TEST FACILITY AND PROCEDURE

F_igure 1 shows the flume used for the laboratory tests.
A refrigeration system in the flume was used to create

® the density stratification. The strength of the stratifica- .~
. tion could be controlled easily by adjusting a control

thermistor. The stratification was monitored and re-
corded by using a series of thermistor probes placed at
desired locations in the test flume. The thermistors

\‘were connected through a scanning dewce to a digital

thermometer- and - a -printer. where temperatures are
“displayed and recorded with ‘an- accuracy of 0O, 02 C.




Figure 1. Test flume and observation of withdrawat laye:
Photo "801-D-74321

Two very accurate quartz probes, with ‘a digital
thermometer, were used for calibrating and checking
the thermistar probes. Cutflow from the flume oec-
curred through a small orifice whose elgvation was
adjustable. The outflow was wasted and therefore not
returned to the flume, resulting in a falling water
surface in the test flume. When attempts were made to
maintain a constant waler surface elevation, data

collection was more difficult because of extraneous

currents established by the inflow. The withdrawal
discharge 'was monitored with a differential mercury
manometer across a volumetrically calibrated 3/8-inch-
diameter corifice.

Temperature was selected instead of salinity as the
agent for creating stratification for three principal
reasons, First, temperature is a convenient medium faor
establishing and altering a stratified reservoir. Second,
temperature stratification can be monitored easily with
one set of probes. Because saline stratifications also
contain temperature stratifications, a dual probe sys-
tem with a superimposition of data is required to
obtain the actual density gradient. Finally, temperature
stratification creates 3 hydraulic model that more
correctly represents the prototype molecular diffusion
coefficient. As King noted:

The molecular diffusion coefficient for heat is on
the order of 500 times greater than that for sodium
chloride. This would tend to increase the with-
drawal layer thickness in the thermal heat models
and thus decrease the apparent critical value of F .*

The test procedure presented hergin was followed for
all data shown in this report. As soon as the test flume
was freshly filled, the refrigeration unit was turned on
and allowed to operate for at least 16 hours. After the
stratification had been thus created, the refrigeration

unit was switched off and the reservoir was allowed to
stand for 3 to 4 hours. This period of time allowed
currents to dissipate and the reservoir to stabilize.
Whenr the stabilization paiiod was complete, the
withdrawal layer was then given at least 20 minutes to
develop and stabilize, after which data were collected.
Crystals of potassium prrmanganate were dropped at a
given station in thsllume. At the same time a
stopwatch was started. Then over a period of a few
minutes the flow being withdrawn created a deforma-
tion in the vertical dye streak created by the falling
crystals. The stopwateh was then stoppec, and data
were collected either visually or photographically. The
data included: (1) average water surface elevation for
the run, {2} upper and lower withdrawal layer bound-
ary elevations, (3} elevation and magnitude of maxi-
mum clye streak deflection, (4} outlet elevation and
discharge, {5) total time interval involved, and {6}
average temperature profile for the run, Where photo-
graphic data were tzken, total velocity distribution
information resulted.

The test facility is a three-tiimensional model although
the reservoir shape has been idealized. The reservoir
width is considered in all of the following analyses.
Observations in the model indicate that the withdrawal
layer quickly grows to its full thickness and to the full
width of the reservoir. The layer thickness is nearly
constant with respect to time and distance from the
outlet when the density gradient is constant. There-
fore, the analysis may be undertaken for any reservoir
cross section considered to be representative.

EXPERIMENTAL FINDINGS

With No Bottom or Water
Surface Interference

Initial efforts were directed toward improving the
accuracy of withdrawal layer thickness prediction with
the assumption of equal discharge distribution betweaen
the upper and lower layérs accepted, while guestioning
+he linear density gradient assumption. Noted was that
‘f in the theoretical development something other than
a linear gradient was assumed, a nonlinear differential
:quation developed. Soiution of this equation would
ba difficult if not impossible. Therefore, attempts were
made to develop ceefficients based on the difference
between the assumed linear and the true density
gradients. The coefficients would be used to modify
tha results obtained from the conventional analysis so
that more accurate solutions would be obtained. All of
the attempts made proved to be futile.

Attention was shifted to the equal discharge distritiu-
tion assumption and its effect on the analysis. A




*he w1thdrawal Iayer data had been=col-
lected photo raphically, making it possible to obtain
tota! velocity: d1strtbut|on information. The areas en-
compassed by .the velocity distribution curve, both
above and belnw the orifice centerline, were deter-
mmed with a plammeter From this the dlscharges both
above .and below the orifice cénterline were deter-
~ mined. Thgse discharges ranged from 26 to 75 percent

of the total flow for cases where no bottom or water

surface interference occurred. The conclusmn was that

some method should be found to p1 radict the discharge '
distributiors and -to evaluate its effect on the with- -

drawal layer thickness calculation:” ‘Efforts were once
again centered on the photographnc velomty d|str|bu-

tion data. Using thg d|men5|onless parameters devel-
: '“oped by Bohan and L:race the dimensionless velocity

“distribution curve, sl'-ow:, iin Figure 2, was developed
These parameter< are: 2y i -

R 2= R
Y Apm Y

- density difference of fluid between “the .
elevations -of- the maximum velocity and -

the corresponding local velocity ©
Density differerce of fluid between the

elevations of the maximum velocity -and’

either the upper or lower boundary (de:

pends on.which half of the withdrawal

layer is being examined)

the vertical distance from. the maximum.

velocity. to a point on the velocnty distribu-
tion

the vertical . distance from the ‘maximum
velocity to either the upper or lower limit
of the zone of withdrawal
the local velocity at y

the maximum velocity in the zone of
.withdrawal. :

=

=t

Figure 2 also shows the dimensionless velocity distribu-_ -
tion curve developed by Bohan and Grace and a few

prototype date points. The prototype data points are
from two sources: a Tennessee Valley Authornty study

of Fontana, Watts Bar, and Douglas Reservoirs S anda

USBR study of Lake Mead.® Only a limited amount of
prototype data is available; more would be requiréd to
ootain an accurate verification of the model data.
Several . sources of error, when combined, probably

yield the data scatter in Figure 2. in the model tests .

these sources of error are:

boundar-,f effec:ts neghglble

a
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‘1. Large model scale. —-The"fl\.arge model scale used’
gither directly or ‘indirectly reduced the data collec-
tion-accuracy. The thicknesses of the withdrawal
layers are so smail that jimaccuracies in the thickness

* measurement {including those due to paral!ax) may

be significant.

2. Secondary currents. —-The relatively ‘small]

ness of the withdrawal layer may be susceptnhle to
errors’ induced by smail secondary currents. from ;
several sources. These currents may be the smgle
most important source of -error in the analysis.

~‘Secondary rcurrents can be caused bfw:thdrawai'

from a ‘restricted reservoir. Since the withdrawal -
layer ‘has horizontal limits; a uel_’tlcal flow-must be
established to supply water to the layer: Secondary
currents can also develop when the dye is dropped
into the flume. The dye-caused currents are due to
both the: disturbance caused.by the falling crystals
and to densuty currents caused by the dyed water.

3. Failing water surface elevation. —Returning water
to the flume-in an attempt to maintain a constant
water surface -elevation would induce strong second-
ary currents; therefore, no water was returned to
the flume during these tests. These currents would
no doubt have severely hampered, -if not made
'impossible data collection. The reservoir water
surface was allowed to fall as water. was withdrawn.




Because the denglty profile of the reservoir changed

constantly, data were collected for the average
density profiles for the total number of runs. The
withdrawal fayer boundaries also were evaluated

approximately for the average conditions. This
changing water surface elevat:on is a possible source

of addmonal scatter.

For the field tests the gr'éatest source of data scatter,”

by far, is error caused by other extraneous cusrents in
the reservoir. These currents result from tributary.
mﬂows outflows through the various spillways, outlet
::i'works and generating facilities; and atmosphenc
energy exchange {wind, heat, etc.).
.L'thuallv impossible . to  still . these currents™in: ‘a
“hrototype reservoir. Possible scatter caused by these
_ ‘..urrents may be extremely significant.

- . PR
Ty 3

By obtammg a dlmensmnles..,_\ velomty d'strlbutmn

‘curve, a modified withdrawal layer thickness predlctlon )
. can -be undertaken, The elevation of the maximum
velocity in.the withdrawal layer must. be known prior -

to making the aralysis. Bohan: and Grace? note that,
sk ®¥% she maximum velocity within the zone of
withdrawal, in most cases, did #not occur =at the
elevation of the orifice centerllne“'and that “Data

analysis indicated that the maximum velocity occurred,
at the elevation of the orifice centerline anly when the’

‘withdrawal zone was vertically symmetrical about the
elevation of the orifice centerline. The maximum
velocity occurred below the orifice centerline-when the
vertical extent of the lower limit of the withdrawal
zone was less than that of the upper limit. Similarly,

the maximum velocity occurred above. the’ orlf-ce'_

centerline when the distance from the orifice cemerline
..to the lower limit was greater than the distance from
the orifice centerline to the upper limit.”” The author

found a similar tendency in his data; but it was also

noted that in cases where the bottom and water surface *
did not interfere with the withdrawal layer, the shift
In these cases the
assumption that the maximum velocity occurs at the.

from the centerfine was small.

elevation of the orifice centerline appears justified.

The recommended method of analysis for obtaining
the withdrawal layer thickness consists of six steps:
1. Basic theoretical prediction.—The_ initial step
consists of predicting the thickness of both the
upper and lower partions of the withdrawal layer,
This prediction is accamplished by using the digital
computer program (Appendix) which applies the

.- outfet centerline elevation},

It would be_

‘analysis that was developed by King? and summa-
nzed earlier in this report.

2. Evaluate the “dimensionfess velocity
distribution.—By using the dimensionless velocity .
" distribution curve, Figure 2, in corjunction with
the assumed elevation of the maximum velocity (the

density gradient data, ‘and the withdrawal -layer -
thickness information that was predicted in Step 1,
the velocity distribution - for the . predicted
withdrawal layer is evaluated. i

3. Integrate curves to determine discharge distribu-
tion.—With this knowledge an integration of the .
velocity’ distribution- curve is carried out, and unit
_ width: areas representatwe of the discharges both
above and below the ofifice centerlirie are evaluated.
iin thig report the integration is donn. manually,.
__however, this also can be computerized.” .

=

4. Obtain modified discharges.—To consider a shift -
from ' a uniform discharge. distribution, modified
discharges are developed: for the computer program.

. The ratios of the upper. and lower integrations to
:one-half of the total are first Evaluated These-two
ratios are then. mult|phed by the. initial total
dlscharge to obtain two modified total dtscharges

5. Obtain corrected iayer_‘ thickness predicrion.—The -

modified discharges from Step 4 are then used
instead “of the initial assumed discharge as data for
the computer program in Step 1. Thus, two program
“funs- are made, each with exactly the same input
data-except for the discharges. The withdrawal layer

- boundary limits from the two runs are then. united" '

to yleld a corrected W|thdrawal layer. The prEdICted ’
upper boundary from the run using the' discharge

based on the upper ratio {Step 4) and the lower~ "~

" boundary from the'run using the discharge based on -
the lower ratio lStep 4} form the new wnhdrawal '
Iayer limits. :

: G.Obtain_ final layer thickness p.;éi'ﬁctfén'.‘—'-'.,!'his_ :
method is convergent with additional applications

of the steps. A process of successive approximations - -

therefore can be applied until change in the pre-
dicted layer is negligible. The rate of convergence
“varies with the specific problem, but indications are
- that five or less cycles would be ‘satisfactory.’

Observe 'a_Iso that the program used' in Step 1 could . ;

the known reservoir 7



o

cases

discharge distribution. In maost cases the

initial thlckness

or Surface Interference

abservations, Figure 3

analysis:

Water surface elevation = 1643 feet
Channel width = 1240 feer .
Orifice diameter = 28 feet
Bottom ‘elévation = 1363 feet
Qrifice centerline elevation = 1450 feet
Withdrawal discharge = 6500 cfs

I
i

" be modified to execute the Ef'tll'e analysis. Indica-
tions are that significant rrod|f|cations to the
|n|tmllv predicted layer th:ckl\ess occur anly far
with extreme variations from-a baianced-’

modification will be only a small percentag= of/:the i
Sample Caleulation Wuth Mo Bortom CA e

The sample problem was obtained from TVA proto-
type data on Fontana ,Reseruoir."_ This-is done sa that.
the resuits can be compared to actual prototype

The following ]nfOI’mﬂtIOI’\ is used at the start of the

_The addltlonal reservoir mformatlon shown in Table i
would also' be known. The'data that describe the
reservoir in'the, .problem are taken from Figure 3. As
.can be seen the full prototype reservoir depth was not -
modeled.. it was realized that ‘the ‘withdrawal layer

1034

- IJOUH"iEII‘IES were: used ‘in- the- problem to' reduce - ‘the -
amount-of Anput- data.- ¥ the predlcted withdrawal -

* fayer™” reaches” ‘these - hypothetical boundaries,” then
additional data would hbe inpur. 'As tong as. the.
predicted “withdrawal layer does not reach the hypo‘
thetical boundary, the withdrawal layer will be the.
‘_same whether- the -hypothetica! boundaries “or the--
actual boundarles are used in the computer program. +

-Step 1—The known mformatlon is entered. into the
computer program as :hown in- the- _ppendlx The _
o re5thmg W|thdrawal Iayer thlcknesses are: N

Frorn centerllne to upper llm-t-4l41 1feet . :if_.
From centerllne o lower I|m|t = 32 Bfeet

o - ABSOLUTE DENSITY IN G/CM>
= ElL. 1643 0,996 . 0998 | . 1.000 .
0 v = -
. e "<: o v . ' - '
50 el — i 3 : : ABSOLUTE: | /.
— o : ! . \< DENS!ITY |
Bl T N |7w '} . MILE.BLE: L
. : AT Y e 9-9-66. . |%
. o A X .
FOQ Jomemee i i e sy
[T .
. ¢+ L—PREDICTED
b : l_'/ ~ PROFILE. . _
M ) . -t : .
[E - e - - R T — \
£ a0 =3 INTAKE EL 1438 TEMPERATURE—Y
wo ) /
a ..
230 //
300
=
350 FEF, r/’k-'""- i . <. A
030 020 . 0.0 e 50 60 0. 89
DOWNSTREAM o UFPSTREAM. : .
' .TEMPERATURE "IN °F

VELOCITY IN FT/SEC

Figure 3. TVA prototype data for_sa'rnpl_e problem.

fad)

probab!y wouid not extend to either the water surface‘: .
. .-f/ or bottom So hypothetlcal bottom and water surface "



“Table 1 : . Step 2. —-Develcp the velocny drstnbutlon curve figure
: SR ' 4, Since the elevatson of the maximum velocity is
RESERVOIR DESCB!PTIO_N s rassumed to be at the eievation of the outlet centerling,

Elzvation
(feet)

: “the upper layer thicknéss equals 41.1° feet and the’
Temperature Elevation _Temp:’erature lower layer thickness equals 32.8 feet. Random local’
{°F) (feet) s elevations across the wnthdrawal Iayer may then be -

1363
1373
1383
1393
1403
.1413
1423

14337
1443
1453
1463
1473
1483
1493

selected : N
419 | 1503 | . .63.20 .. S R S
42,27 | 1513} 639 At these local elevations.the densities and. therefore the.

a43.1 - 1533 B5.1 - distribution curve, Figure 2, is used to obtain: the |
AX3 1 . 1543 . BB.2 - ‘ dlmensmn!ess \-e[oc:ty dlstributlon term {local veloc:ty f
47.0 i 1563 671 . ' divided by the maximum velomty) at that elevanon for
504 - 1563 - 684 . plottmg on Flgure 4. : :

54.4 1573 606 . Step 3.—Integrate the areas..contained between: the
57.5 - 1583 70.7 . . maximum velocity elevation -and the upper and lower
59.0 © 1503 . 7200 boundaries af the velocity distribution curve, Figure 4.
60.2 1603 oo 7249 . These terms are-directly proportional to the discharges '
609 .., 1613 -|. * 75.6 " because the dimensionless velcmty term is dlrect|y
61.7 =523 . 76.3 proportlonal to the Iocal velocnty

62.3 . ’ S . - . L

o

IN FEET

ELEVATION

s

in
<]
=]

Upper Area=2, 5 { 150 + 514 +.742 +.992+1.238+ 1456+ 1710 +10) +3.05 [.1501= 9. 962
Lower. Areg =2.5 (L0+ 1766+ 522+i224+ B78 + 530 + 09|)+|4( 09|)-|7654

Average Areu:lB.BOB S o Discharge for initial evalvotion= 6500 CFS

Upper Ratio = 1LOBI . Y - Lower Ratio= 0939
Corrected Q= 6896 © % Corrected Q= 6104

UPPER LAYER:

[FLOWER LAYER

2 4 .6 B
LOCAL VELOCITY/ MAXIMUM VELOCITY

Figure 4. Sample problem, no baundary effect.

42.5 1523 _64_3’.\.,' S My AplY Ap term may be evaluated. The wvelocity’



Step 4.—Divide the area terms evaluated in Step 3 by
the average of their two values. This yields the two-

discharge ratio terms {upper and lower layer) that,
when multiplied by the initial discharge of 6,500 cfs,
yield the upper and fower corrected discharges. For

this problem the corrected upper discharge is 6,896 cfs,

and the corrected fower discharge |s_6,104 cfs.

Step 5.—The computer runs.as in Step 1 are now made
using the discharges from Step 4. The ‘6,896 cfs yields

an upper half-layer depth of 42.3 feet, and the 6,‘1_04_ ’

cfs yields a lower half-layer depth of 31.9 feet.\\e%

“Step B.—One more cycle was computed- through; the
resulting upper half-layer, depth was 42.9 feet, and the
resulting lower half-layer depth was, 31,4, feet. The
predlcted and observed results are shown_ on F1gure 3.

By dividing the area: contained W|th|n the entlre :

dimensionless velocrty distribution curve by: the
discharge for a unit width of reservoir, the maximum
velocity ‘may. be "determined. The - d1men5|onless
velocity term. and therefore the area contained within
the dimensionless velocity: distribution curve are
‘linearly proportional to the true velocity, and the term
of propornonalltv is the maxinium velocity. From thé
- maximum velocity, the total velocity distribution may
be easily determined. For the sampla problem, the
volume defined by the dimensionléss '

38 cubic feet and the discharge for a unit width-of
reservoir - was 5.24 cfs. The maximum velozity
therefore would be 5.24/38 or 0.137 fps.’ N

This computed maximum velocity compares to an
observed maximum. velocity of 0.09 fps which -
reasonable agreement in view of the rather complex
prototype velocity profile.. A comparison of the
"predicted and observed profiles is shown in Figure 3.

With Bottom or Water Surface Interference

A similar evaluation was undertaken for cases in which
‘either the bottom or the water surface interfered with
the withdrawal layer. Once again, attempts: to modify
the theory so that nonlinear density gradients would be
considered proved futile, So efforts were again shifted
to an attempt to evaluate the significance of the
discharge distribution assumptton As was noted earlier
in the report, King? recommended the use _of a
discharge distribution factor developed from the ratio
of the two sides of equation (3} at the boundary layer.
The extent of the half layer that is affected by the
boundary is set by the physical dimensions {boundary
and cutiet elevations}. Any correction 10 the initially

I

] velocity -
distribution curve with a unit width was approximately-

predlcted thicknesses must therefore be Ilmtted to the

“half layer that is not interfered with.

_ A dimensionless

velocity distribution curve was
developed in a ‘manner similar to the no-interference’
case. Photographs of the withdrawal layer were

analyzed ‘and a curve, Figure 5, based on the parameters - - ‘

proposed by Bohan and Grace® -was developed These
parameters. are .quite similar to, but not the same as,

* the-ones used in the no-interference case, Figure 2: The

curve deve!sped by Bohan and Grace is also shown in
Figure 5. Mo prototype velocity=distribution data were
available to use in verifying these curves.

Once again the probable elevation of the maximum

. velocity - was needed. Again the maximum _velocity

generally - was Iocated on the same side of the outlet.
centerline’as the th:nner layer and, therefore’ is usually
on -the same® sside as the restricting boundary In this

‘case theud'stance from the maximum v_e!omty 1o the__ '
-outlet centerline was significant enough to'evaluate. To

“3s proposed by Bohan and Grace

M

. develop a .curve’ that would aid in predicting the-

maximum veiocuty location, dlmensmnless paramaters;
were utilized. These i
parameters were:

oMo AND ! -
| GABCE GURVE. . .

1
{
!
¥
i
|

v
i
|
i

.8 N
yop/raam

Figure . 5. Velocity distribution in_siratified

flow with
boundary effects. .




nere;

'Y = the distance from the outlet centerline to
: the boundary :
z = the distance from the maxlmum velocuty to

Lo the boundary
TH = the he1ght of the total w:thdrawal Iayer .

i . : K .
he curve that was developed is shown in Figure 6.

iith the knowledge of the outlet centerline elevation,
ae restricting boundary elevation, and the total

rocedure developed by King;? the elevation of the
jaximum _velocity may be estimated. The
lcommended sequence of analysis is guite similar to

i

1se as follows: - _ B

/ ol
|

i method of King® is used to predict the thickness of
| the ‘upper and 4ower halves of the boundary layer,

i
’|~ by the locations of the boundary and-the outlet

.

‘ 2, Determine assumed dISCthgE dfstnbutfon —Each
side of equation-{3) is evaIuated at the restricting

boundary. The ratio of the right side fo the left side

‘total discharge to determine the predicted discharge
in the restricted half teyer. The difference between
“this discharge:and the totat discharge is the assumed
“discharge for the unrestricted half [aver

3. Prediction of maximum velocity elevation ~With
“the knowledge of the outlet centerline elevation; the
i restricting boundary - elevation, and the ' total
i withdrawal layer thickness as predlcted in Step 1,
* the ‘maximum veiocutv location:is determmed from
l Figure B. .
i . ) '
554 -Evalyate the  dimensionless velocity
ldfsrnbunon —By using . the dimerisionless veiocity
| distribution curve, Figure 5, in conjunction wiy the
leievatlon of the maximum velocity {as predicted in-
iStep 3), the known reservoir density, madlent data,

thlckness the dimensionless velocity dlstrlbutlun is
evaluated for the restricted half [ayer, Then by using
ithe .no-interference dimensioniess

‘alevation of the maximum velocity (as predicted in
Step 3), the known reservoir density gradient data,
‘and the known  thickness of the unrestricted
withdrawal - half -layer ‘(as predicted in Step 1), the

Note that one of these haif-layer thicknesses is set

velocity
.distribution curve, Figure 2, in conjunct!on with the

dlmEﬂSIonless veiomtv dlstrlbutlon is evaluated for ;

5

nhdrawal layer thickness as predicted from the -

1a1 recommended for the no-boundary interference

i1 Basrc theoretrcal prediction. -Once again ‘the |

of equation (3} is then multiplied by one-half of the -

and the known restricted -half wn:hdrawal layer -

v,;n _'

RS IV

i'/ H

Figure 6. Relative position of maximum velocity for

- mnditions in which a bouﬂf_‘.arv limits the withdrawal zone.

the - unrestncted hallf i
dimensionless = velocity .dxstrlbutnons are then
- combined to form total Aeyer curve.:With tifls the

“velocity dfstnbutwn rs eva!uated for the ent:re

: Iaver.

B. Integrate curves to determme d;scharge dfstr:bu-
tion.—The uelocny distribution curve may then be

. integrated.-1n ‘this manner the d:scharges both- above'

and below the onfme centerlme are eualuated

6. Derermme modified discharge.~A modified d;s—
charge“is then determined for the unrestricted half

layer, This discharge is the summation of restricted’

half-layer discharge as_evaluated in Step 2 and the

o

ver. The two halffayer =

“unrestricted half-layer discharge as evaluated in Step - :

B, This term
program of Step 1 and the cycle started again. No

modified discharge is needed for the restricted haif

layer- because :its thickness :s established by the.

physucal parameters.

7. Obtain final withdraws! Iayer thickness predic-

- tion,~Once again the solution converges. The above
six steps therefore may be applied until -2 satls-
factorlly accurate answer is obtained.

Sample Calgulation Wlth Bottom
or Surface Interference :

‘The followmg information (fl‘Om a model test run).is -

known at the start of the analysis:

is placed in the digital - computer. '.._. '




.Water surface elevation =167 feet
*Channel width ="3,00 feet '
Orifice diameter = 0.0417 feet

-Bottom elevation = 0.00 feet
Orifice centerline elevation = 1.50 feet
" . Withdrawal discharge = 0.00690 cfs

“The reservoir mformat:on given in Table 2 would also
" be known. :

Table 2

RESERVOIR DESCRIPTIO'N '

h

Te mperatures

Elevation
{feet)

Density
_ lG R/CC)

0.033
0.167
0.300
0.433

9.84
9.93

10.03

10.13

1.9007334
8097249
.9997154

0.567
0700
0.833 .
0.987 .

10.28
10.44
10.65
10.90

9967011
.8996860
8996660

11.28°
12.38
15.80
19.94

1.100
1:233
1.367,
1.500

.9996026
.9994788
9990013
9982442

©0.9997407 .

.9996424

B

Step

1.~The known information is entered into the

.computer program as shown ‘in “Appendix. 1. The-

. resulting predicted withdrawal Iayer thicknesses are:

From centerllne 10 upper limit = 0.07 feet
From rentetllne to lower Ilmrt = (.24 feet

i

It should he observed that the withdrawal layer

extends te, and therefore is restricted by, the water

surface.

Step 2._ Evaluatlon of the left srde of equatlon l3}
yields: ~

D% po Vo' _ (0.0417)° (0.998244) (5.05)”
] | 32.2

" - or 0.00000239

' and evaluation of the right side of equation {3) yields:

) lA.o) lK‘*‘) {d?) lwll _
(0.998244-0. 997774) {Q. 254)— (o 07)3 {3 :

or 0.0000000935

The ratio of the two is 0, 0391 Thrs yields an estrmated .
* diseharge of (0. 0391\ (0.00690) or 0.000135 cfs in the

restricted half layer. This would. make the unrestricted
discharge (0.00690— 0000135) or 0.006765 cfs

Step 3.—The ele\ratron of the maxlmum velocnty is now

predicted. It is known that

Z =0.07 feet
CH=0.31feet "

so. ZiH = = 0. 225

In referring thrs to Flgure 6 it is observed that YfH =.
0.18 and Y is therefore 0. 058 feet. This means that the -

“maximum velocntv is 0.012 feet above the outlet

centerllne at an elevatlon of: 151 2 feet.

.. Step 4. —The problem then is 10 determine the velomty

distribution across, the - entrre layer -Following the
calculation procedures as shown Ong{ quure 7, the

“dimensicnless velocity dlstrrbutlon is obr,.lned for the .. i

entire wrthdrawal Iayer

Step b, —The d|mensronless curve obtalned in Step 4is

" thin rntegrated to determine not only \he drscharge
“distribution ,for flow above and below the outlet

centerline but also the' maximum velocity. The caicula—
tion procedure for evaluating the unrestricted discharge

‘is shown.on Figure 7. -As for the maximum velogity,

once again the ratio of the unit width dlscharge to the

. integral of the entire dimensionless \relomty curve is the
maximum. velocity.

-Step G.—The rm‘)dl‘red d:scharge for the unrestrlcted

hatf-layer thickness calculation is then evaluated. With
the restricted half- layer discharge of 0.000135 cfs from.

. Step 2 and the unrestrlcted half -layer discharge of

0.00475 cfs from Step 5, the. :modified discharge is

0.00488% cfs. Thls is then lnserted into the program of ¢
Step 1.

E jf Afte: two appllcatlons of thls cycle ‘the unrestricted
" half-layer thickness is predicted as 0.20 feet. The total

withdrawal layer thickness is 0.27,feet. This compares
to” an observed thlckness cn 032 feet durlng the
laboratory test : . ‘




Area above center line [1.0211.564) + (011 (564 + .T65) + (0N 765 +.B96) + ( 018){.896.+ 1.1 +
* Lozt +.9651) / 2. < 00987

Area below center line EOS)(QI:S +.732)+ (0831732 + .378) +(oeﬂt37s +.134) +
: (G4Hl34:|/2 = 0.2165 :

The lower dischorge is therefore (0.2165/ 0.3152). or 8 iap |eLe yap |
0.688 of the total - S YApm

ayyibesrol 1o
2947 (1,550] 448}
2238(1540( .251
156411.530| 113
0 lesie|

Lower discharge = [0.688)(0.0069) = 0.00475 cfs

UPPER LAYER

ELEVATION IN FEET

LOWER LAYER -

N I I S B A
2 ERR) 5 .6 - .7 .8
LOCAL VELOCITY/ MAXIMUM VELOGITY

Figure 7. Sample problem with boundary effects,
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DISCLAIMER STATEMENT

. — Y R g D P -

COMPUTER PRURAMS DEVELOPFD By THE BUREAU 0F RECLAMATION ARE
" SUBJECT TO THE SOLLOWING CONDITIONS. CONSULTING SERVICE AND

ASSISTANCE WITH CONVERSION TO OTHFR - COMPUTERS  CANNOT ~ BE

: PROVIDED. . THF PRNGRAMS HAVE REEN DEVFLOPET FOR USE AT THE "USBR"

v AND KU WARRANTY 8S TO ACCURACY, USEFULNESS DR COMPLETENESS IS
EXPRESSED OR IMPLIED - o

PERMISSION IS GRANTER TO REPRODUCE OR PUOTE :FROM THE SROGRAM;

HCWEVER, 1T IS REQUESTED THAT CREDIT.RE GTVEN,TO THE ..BUREAU OF

RECLAMATION, U.S. DEPARTMFNT OF “THE INTERTORs AS THE OWNER.
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USER'S MANUAL = PRO 1530-STRAT oL : PAGE 1

ERRNFAACE NS EUPEANAULANNP RO - o ' 10211/732

‘_PPOGRAM TITLE

SELECTIVE WITHDRAWAL LAYER THICKNESS COMPUTATION

l,'].

GENFRAL -INSGRMATION.

THE SUBJECT COMPUTFR BRNGRAM WAS DEVFLOPED oPINMARILY  FOR
PETERMINING THE TFEORETICAL erHrnAwﬁL- LAYER THTCKNESSES‘.Foé
STRATIFIED RFSFRVOIRS. THIS PROGREM WAS INITIALLY DEVELOPED T0
ATD NTTH MADEL . STUDTES. BUT 1T 1S FQUALLY. -aePL:éABLE TO

YNVESTIGATIO“ GF PPOTOTYPF STRUCTUPES.._

THE PROGRAM Is :WRITTEN IN;"fHé_=FonTRAr '1v LANG UAGE F0P  A
HONEYWELL 80n COMPUTFR. t*_tAN BE USFL WITH FITHFR SQUA“E 'oa
ROUND.QITHUPﬂHAL AUTLFT  SHAPES» WITH nﬁv QUTLFT ELEVATION,
RESERVOIR WIPTH, RESFRVOIP DEPTH-_-ANF. OUTFLDh DISCHARGE._-THE
PROGRAM AS IT NOW EXISTS CAN BE = USED. wITH -wATfR' TEMPERAfURE;ff“‘
RETWEEN O ANT 30 DEGREES C. ALSO NO CONSITFRATIONS ARE GIVEN T0O
GTHER CAUSES OF DEMSITY VARIATION (SUCH ~AS 'SALINITY. -AND‘
TURBIDITY) . PRSI SRR S T
THE WITHDRAWAL LAYER THICKNESSES ARF compUTED USING FQUATION
(17) FROM HYM-595 (EQ.3 OF THIS REPORT). THE LEFT TERM IS FIRST.
EVALUATED FOF THF PARTICULAR OUTLET rFNDITIONG. THE PROGRAM THEN

GEARCHES FOR THE Two DEPTHS AT WHICH ;THE RIGHT ‘HAND TERM




USER'S MANUAL = ®RO 1530-STRAT PAGE 2 °

SARENAURESRANEVENNENTFRELAFOGRE ST 107117713

SATISFIES THFE FQUALITY. THFSE TwO NEPTHS APFVTHﬁiuvPEh AND.L0wER.

LIMITS OF THF WITHDRAWAL LAYlER_.-

THE COMPUTATTION 15 CARRIFE'FDRWARf:TN.A SFRiFS or.QTréq asstan 
IN THE ACCOMPANYTNG FLOW CHART, REGINNING WITH THE CORRECTION OF
THE TEMPERATURE PEADTNES FhR‘THE,VARICUa. LEVELSJJ(THIS' CAN BE
OMITTEN Ry RFMOVING THRFE STATEMFNTS FQOMjTﬁE PROGPAM) . WITH THF
CORRECT TEMPERATURES THE MENSITIES ARE THEN COMPUTFD. . THE *LEFT*
HAND - TERM rs. THEN EVALUATED"FOR THE  PARTICULAR POUfLET_
CONDITIONS. THE.oRoeéAM THEN EVALUATES THE é:GAT; HAND “TERM AT
FACH TEMPERAfuRE'Lgv%L STARTING FROM THE HIGHEST. THESE VALUFS
ARE THEN cdHnAREU-To THE LEFT HAND TERM UNTTL. THE PnINT OF_
FQUALITY IS DAssfn} © THAT INTERVAL'_is fHEN BFOEEN INTD . 100
TNCREMENTS AND ARAIN fHE RIBHT - CHANT TERMS  ARE. cou#urtn AND
FOMPARED TO THE LEFT HAN” TERM UNTIL THE POTNT “oF FQUALITY :IS
'AGAINq?ASSED.JTHF“POSITI0N=OF THE UPPER LTMIT OF wITHanwAL :is'”
THUS ORTAINER. A SIMIL&R PROCERURF Ib THEN ?xECUTrn TO 0OBTAIN
THE LOWER ROUNDARY. THE PROGRAM WILL COMPF\SATE FOR CAsEs _IN
WHICH EITHER THE wATER SURFACE OR- THE HOTTDM 1' LOFATED IN  WHAT
woupn OTHERWISE BE THE CONPUTEU W THRRAWAL LAYER. ALso 1T HILL‘
SOLVE CASES TN WHICH THE UPPFR AND _ LCWER ' BOUNDARTES - ARE BOTH

RETWEENTTHE SAME TEMPERATURE LFVELS.

' INPHT

THE FIRST X1 DATA CARNS CONTAIN COPPECPONDING VALUES  OF

19




SERTS MANUAL - °RC 153g-STRAT PAGE 3
TYIMEITIRIA N FLR FLEE PN ER LS 10 B ' ]_0/24/_7‘-3

TEMPERATURE AND DENSITY €OR TEMPERATURFS FPOM O TO 30 DEGREES C,
IN ONE MEGREF INCREMENTS. THISE 04TA ARE PLACED IN COLUMMS -1-16
TN AN 8-COLUMN FNRMAT, WTTH THE PGSITION OF  THE PECIMAL® POINT

INSPECIFIER (8F .M

;r‘

FHE ©ROGRAM AS WRITTEN FN2 ANALYSIS OF MODEL DATA  SPERIFIES 25

CARDS TO FNLLOW, wHICH CONTaTt CCORECTION VALUES FOR  THE
THERMISTOR RFADINGS. THIS CURRFCTION IS DFLETEN 8y  ELIMINATING

 STATEMENTS 0ng&s 0007, AND 0014 FEOH TUE PROGRAM (SEF ~ PROGRAM

LISTING) . | - B | o

THE NEXT DATA CAPD CONTATNS THE VARTAZLES OF  RESFRVOTR WIRTH.
AUTLET SIZE. WATER. SURFACF ELEVATION, £ATTO™ ELEVATIQN._'ANE_
AUTLET SHAPE IN COLUMNS 1-40. WITE AN AF.0. FORMAT. COLUMNS 41
AND 42 CONTATN THE VALVE OF  THE -NQPﬁEé 0F -ELEvATiDN:' -

TEMFERATURE CARDS TO FOLLOW, IN & T2 INTEGER FORMAT.

THE ©EMAINING CARDS CONTAIM CORKESPONTTNG VALUES. OF ELEVATION

AKT TEMPERATURE (IN DEBRECS C)..

G SUBROUTINFS ARE SED IN THIS PROGSAM. (PPFNOIX & CONTAINS Al

cxAMPLE PROBLEM T8 WHICH THE DATA TS SHOWN AS IT WOULD BE

ENTEREN INTO THE PROGRAM. '

° ]
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%UB“'TTAL INSTRUCTTONS

THE DECK SHOULD BE STACKED AFCORHTNG 10 THE DTAGRA” IN APPENDIX

.

: OUT°UT

PRINTED OUTPIT coNsxsrs OF:_w; LISTING OF THE. ELFVATION ABOVE -

THE ROTTOM. THE FORRECTED TEMPERATURE AT  IHAT CLEVELs AND - THE
DENSTTY AT THAT LEVEL 2. SHAPF OF THE OUTLET (SQUARE OR
FIRCULAP) 3.THE OUTLET SIZE 4.THE OUTLET ELEvATiON 5.THE

DISCHARGE 6+THE !IPPER LIMIT OF WITHDRAwAL 7. THE LOWER  LIMIT OF

WITHDRAWAL . AN EXAMPLE OF 1'HI.‘S PRINTFF DUTPUT 15 SHUHN__IN--THEf '

SAMPLE PROBLFM (APPENIX R}. WHEN PROTCTYPE DATA APE  USEDy  THF.
FCRMAT FOR POINTING THE DISCHARGF MUST BE MONIFIED (FOR EXAMPLE.,

FROM F2.5 TO FR.0).
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APPENNTX &

THE FOLLOWING FIGURE ILLUSTRATES THF CORRECT ORGANTZATION OF THE

INPUT TATA DECY.



- Data’ Deck

Data Gord

Pr.ogrdm' Depk

Control Gord{s)" =

B I

. DECK ARRANGEMENT
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APPENDIX B

THE FOLLOWING £XAMPLE PROBLEM IS GIVEN TO TLLUSTRATE HOW TO USE

THE PROGRAM. SMOWN 1IN FIGURE 1 15 THE EXAMPLE  PROBLEM
PISCRIPTION. FIGURE 2 SHOWS THE INPUT DATA SHEET AND FIGURE : 3

SHOWS THE GUTPUT ORTAINEN.




At the begrnmng of thas example problem the fo[low-
ing mformatmn was kn0wn . :

ater Surface ‘:[evatrcn = 322 fee‘t
Channel Width = 1,240 feet
" Qrifice Diameter = 28 feet

Bottom Elevation = 62 feet -
. Orifice Centerline Elevation = 155 feet
M : Wlthdrawal Dlscharge = 6 500. cfs
. _ _ o o

' The fcllowmg reservoir information woufd a!so be -
known. '

? Elevation { Temperature | Elevation | Temperature
(feety |~ (°C) 1 (feet) oy o
.82 -5.50 192 16.83 =
L 72 5.67 202 117.33
S 82 582 - |. 212, 1772
92 | 617 222 17.94 -
102 - 6.83 . .232 18.39
- 1. o ) 282 19.00
12 .| - 'B33 - 252 . |.. 1955
22 £10.22 7| o | BT
132 | © 1244 |. 262 2022
S 142 | - 14,18 272 | . 20.89 S
182 15.00 | 282 . 2150
: EERE R S292 22.22
' . .162 | 1567 . 302 7| 2272
5 172 - 16.05 o312 24,22
Lo s 1B2 © 1850 | 322 1 2481

Figure 1. Exarnple problem.

 We wish to find the predicted withdrawal layer.

s

The mput da‘a for the program wcuid be arranged as
fcl!ows
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B3
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. 15,.871
|, 16.05]
| lns. 50
.. 16.83
Lo N7,.33
L NE.a22
oo 7. 8.4

M8 3,80

2
_‘2.
.2,3’2

2,412,
REMARKS

JGHEGKED

Figure 2, Input data. : GO 827w
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CELFVATTUNM TeMp  DENSITY.
62.00 bbb 99995
72.0C L.67T  .999928.
£2.00 5.493  .99997
52.00 £.17 .99%9%96

L102.00 0 £.B3 09999y

f117.00 B.23  .99G35

T22.00 lv.22 L9997
32.70 iZ.4s  ,99y47

142700 14,16  .99925
15200 i5.090 .99¢%13
162.Nn0 15.61  .99902
17200 YE.U5  .9%5%
182.00 1£.50 .99589
162.00 1e.83 . .99883
202.0¢C 17.33  .9°87%

212.00 17.72  .958587

722.70 17.94 .99843

?37.00  i®.39 .99855

242400 19.00  .99843

252.00  lu.by  .99832

262.10 ZC.22 .99819

272-70  Z2N.89 .99504

782.00 . 1450  .9%791"°

257.00 22.22. .9977%

307.00  Z2.72 .99763
312.9¢ - 28.22  .99727

322.00  Z4.61 .99717

CIRCULAP GUTLET

QUTLET SI/Ex  2R.000 TISCHARGE= 6500.00 ~ .
COTLET EL*v=  155.00 UPVER LIMITZ 196,10 LOWER LINMIT=

‘ Figure 3. Program bdtpht.
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® & & AUTCMATH 1800 REy 20.2 S0yRCE PROGRAﬁFLlﬁTING o o 0B/01/69 @ = ¥ PROGRAM! STRAT © @ JOB: STRAT : e o o PAGE.. 2

0066 - DELRU{I)=RORIF-RII} : : C23
0067 T GO TO 20 ) : 24
0070 DELRL (1}1=R¢1)=RORIF : : : . . 25
0071 CONTINUE . . . 26
poT2 H{N+1}=WS . .

0073 ' 'JR[N01}=R(N)o(RIN)-R(N-IJ)G(HS-HKN!l!(H(NI-HlH*l’l

DoTY DELRU(Nq):RORIF-R!Nﬂ}" . : - - R L
0075 Kl=0 - o : : . ) . 2&A
0076 ZUPP=WS=-ELORIF : . . '26B
0077 | PRODUP=DELRU (N+1) 9SHAPERZUPPaR3aNaa2 . Lo e
0100 . IF (PRODUP«GT.FACTORIGOTO2Z2 : : S e 2eD
0101 GQuP=(QePRODUP/FACTORY /2.0, ) : : S -

0102 : QL6=0=-QupP : . . Lo o Tl R
0103 SHAPE=SHAPE®(@/{2.00aL0) ) Re2 - i S B 266
0104 ZUP=ZURP . B : '
0105 Kl=1

01 06& ) CONTINUE

0107 Hafel o

0110 Do 25 I=1-d

o111 TF(ELORIF.GE-H{IY+OR.K.NEL11GOTO24

o112 ZUP=H(I)=-ELORIF o

0llL3 PROG=0ELRU{ ) ®SHAPERZUPeO ey e®2

0114 1F {PROD .GT. FACTOR) GO TO 26

0115 IF{1.EQ.*)GOTOIO0 :

D116 - GO T0.25 :

o117 RHO=R{1) :

0120 DO 40 J=1.100

oi2l : © RHO=RHO+ {RtI=11=RU{I)1)eD.0l

o122  2UP=ZUP~0.01#(H{I1-H{I=11}

0123 *  DELR=RORIF-RHO

0124 PROD=DELRoSHAPFoZUPa232yRe2

0125 1F (PROD .LT. FACTOR} GO TO 30

0126 CONTINUE .

0127 1F - [FROD .LT. FACTOR} 6O TO 81:

0130 RHO=R{I=1} : )

0131 0o 41 J=1,100 .

p132 RHO=RHO+IR{I«2)=R{I=11150.01

013: ZUP=ZUP=0.012(H{I=1i=H{T=2))

0134 ‘DELRSRORIF~RHO ]

0135 : PROC=DELASSHAPERZUPeo3apan2

0136 IF (PROD .LT. FACTORY. RO TO 30

0137 CONTINUE :

0140 . 1F (K .GT. 0) GO TQ 25

glal IF(H(1).LE.ELORIF)GDTO2T

0142 . RHO=RORIF .

0143 IL0=0. LT

Dlas . 0g95 J=1=100 _

0145 . RHO=RHO+=(R(I-1)}=RORIF)20.01

D146 ZL0=ZL0+D. 015 (ELORIF=H{1=1))

0147 DELR=RHO=RORIF

ol50 PROC=DELA#SHAPE#7LO0o30WPRZ

0151 - IF{PROG.GT.FACTOR}GOTO9D

0152 i CONTINUF

0153 ZLO=ELORIF=H{I}

0154 PRON=DELRL { [} @SHAPEaTLOop0yeed

0155 IF (PROD .LT. FACTOR) GO 70 28




o & o AUTOMATK 1800 REV 20.2 SOURCE PROGRAM LISTING @ » 08/01/69 @ © o FROGRAM: sff;f,_w_n JOB: STRAT : e o v PAGE: 23

0156 Go TO 25 . . 42
0157 28 IF (1 .EO0. 1} GO TO 29 B : ) 424
0140 ) RHO=R{I) i ) ~ 42B
alel D0 80 J=1,100 P o - . - 42C
0162 ~ RHO=RHQ~+ (RI1I-1)=-R{1})20.01 : . i % |
Q183 ILO=ZLO+0,01=(HII}=HLI=1)) : S S : S hb4
0le4 . BELR=RHO-RORIF . a0 : R N i 45 :
0165 PROD=DELROSHAPES7LOre30Wa02 o o e e . : 46 -
0166 IF(PROD 4GT.FACTOR}GOTO90 ) o T 4T
ols1 CONT INUE _ o e S S aB
01TO WRITE f3+82) . ’ . &48A
0171 60 TO 30 L L ; ' : 488
0172 FORHAT (22H DO LOOP L!HIT REACHED) ) S R o 48C .
o173 IF(K1129-29v35 : S : . - : ) . 48D
S RLTE K=1 ST . i : : 45
0175 QL0=(QePROD/FACTOR) /2.0 : R : :
0176 QUP=R=QLAO : o ) . o
0177 ‘SHAPEZSHAPE=(Q/ (2. 0°GUP!1*°2 o . ) : 49¢C
Q200 - 25 CONTINUE - L S . : 50
0201 30 ELUPSELORIF+IUP ’ _— . R
pz2o02 ELLO=ELORIF=ILO L i ) :' o . 52
0203 WRITE (3sgl) D.C ’
0204 3 &1 FORMAT (l1HO,13H OUTLET S1ZE=,F8,3,11H DISCHAHGE-,F& 5) .
0205 S WRITE (34603 ELORIFELUPSELLD a3
0206 600FORHAT {13H QUTLET ELEV"vFB 2113H UPPER LIHIT-.Fa 2+13H LOWER LIMI ) a4
1T=,F8.2) ] . - - A5
oz07 GO To 50 R : : - 87
0210 66 ENT ) ) . .1}
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EVALUATE “pROD”
AT WATER SURFACE
(PRGDUPY '

o
FTND DISCHARGE

BETWEEN OUTLET
AND W.S.

L
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h

CHANGE SHAPE
FACTOR

Y f
ESTABLISH DiST.
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M=N+ |
FOR 00 LOOP
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"PROD™ FCR
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.
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7-1750 (371}

Bureoy of Reclamation

CONVERSION FACTORS—BRITISH TO METRIC UNITS OF MEASUREMENT

The following conversion factors adopted by the Bureau of Reclamation are those published by the American
Society for Testing and Materials {ASTM Metric Practice Guide, E 380-68) except that additional factors ("}
commenty used in the Bureau have been added. Further discussion of definitions of quantities and units is given in
the ASTM Metric Praclice Guide.

The metric units and conversion factors adopted by the ASTM are biased an the “International Systern of Units™
(designated 5% for Systeme Internationsl ¢'Unites), fixed hy the International Committee for Weights and
Measures; this system is aiso known as the Giorgi or MKSA {meter-kilogram {mass)-second-amperel system. Th:s
sysiem has been adopted by the International Qrganization for Standarduzatlon in ISO Recammendation R: 31

The metric technical unit of force is the kilogfam»foroe; this is the force which, whan'app[igd to & body havinga
mass of 1 kg, gives it an acceleration of $.80665 m/sec/sec, the standard acceleration of free fall toward the earth's
center for sea level at 45 deg latitude, The metric unit of farce in S| units is the newton (], which is defined as
that force which, when applied 1o a body having a mass ¢ kg, gives it an acceleration of 1 m/sec/sac, These units
v, must be distinguished from the {inconstant) local weight of a body having a mass of 1 kg, that is, the weight of a
¥ body i that force with which a body is attracted to the earth and is equal to the mass of a bady multiplied by the
acceleration due to gravity, However, because it is general praclice to use ‘pound” rather than the technically
cortect term “pound-force,” the term “kilogram™ (or derived mass. unit) has been used in this guide instead of
“kilogram force™ in expressing the conversion factors for forces. The pewton unit of force wilt find mcreasmg U
and is essential in Sl units,

Where approximate or nominal English units are used 10 express a value or range of values, the converted metric
units in parentheses are_also approximate or nominal, Where precize English units ‘are used, the cunverled merric
units are expressed as equally significant values.

Table |

QUANTITIES AND UNITS OF SPACE

Multiply : By - . S To obtain

. LENGTH

254 {exacty]l ... L. . e e NMicron

54 fexactlyl ... L. e Millimeters

254 lexactiy)® . . .. .. e e e Centimeters

30.48 lexactly} ... .. .. ... e Centimeters
0.3048 lexactly}™ . _ . .l ... Lo .. Meters -

D.ODD30AB exactly)™ ... L. . Kilomelers
00144 [exactly) ... ...t i Meters -

] - . 1,609.344 {exactly}” . .. .. e e Meters

MITES . o vr e e e e e L 1,609344 {exactlyt L L. L. ... ... .. ‘Kilometers

AREA

Squarainchas . . .- - - .. u 6.4516 (ex.:ct[,fj ...... T . Bguare centimeters

Squarefeet ... ......... 92003 ... e G Square centimeters
Square feet .. ... ... ... (102 722 Jc J e e e e Snuare meters
Squareyards ... ... ... 0836127 .. .. ... .. e e .. . Square meters
ACKES o v v o v et e e 0A04B8 . . ... e s e e . .+ Hectares
AGrEs |, vy vy e loe e *A0489 L. L i s “.. . . Square meters
BCIES . o v an o v e o e 0040469 . . ... e Square kilometers
Sauaremiles . ... .. ... .. 258999 [ ....... e e, ... . USguare kilometers

VOLUME

o 163871 . . .. .. e Cubic centimeters
Cubic fr.et ............. ) . % 00283168 . ........ e . Cubic meters
Cublcyards . ... .......0 P T L7 A S Cubic melers
o 7 CAPACITY
.. [ol) -
Fluid owrices (LS) ... ] 295737 Lo i e e Cubic centimeters
Fiuid adnges (U 5} ....... by 1L e Miliititers N -
Liguie- pints {US) . ... . ... 0473179 .. i i e e e s e Cubic decimeters : L
Liquid pints [U.8) . .. ... .. 0473166 .o oo e inian i e Liters
Quarte (US) .. .. ... .2 o b= T T0c 1 - S Cubic centimeters
Quarts {LLS) . ... ... ... . 0946331 .. .. s ... ‘Liters
Gallons{U.S) .. ... .. el *3,785.43 L. ..o e Cubic centimelters
Gallons {US) .. .. .. - .. A 378543 L L0 L T S " Cubic decimeters
Gallops (WSS . - .. ... . 378533 ... ... ... P Liters
Gatlons (L5} .. .. . e 000378543 . ... . ... v .. aens 0., Cubic meters
Gallons (LK) ... ... .0 454609 . .. . i e e Cubic decimeters
Gallops{U.KJ1 .......... 454596 . ... ... - e e Liters
Cubicfeet . .......... ... BIE0.... ... ... e e Liters
Cubjeyards ... .. e b £ 13- T O Liters
Acresfeet L. L. 12335 L e s i m s Cubie meters

Acre-feet *1233800 ... e i e Liters




Table 11

QUANTITIES AND UNITS OF MECHANICS

Multiply T By To obrain

MasE

Grains {1/7,000 1t}
TFroy ounces (480 grains)
Qunces (avdpl
Paunds favdpl . ... ...
Shert 1ons (2,000 tb
Short tons (2,000 ib)

. Long tons (2,240 (b

64.79831 (exactly) Mittigrams

045358237 {exactlyi . . | .  Kilograrms
Kiipgrams

Meitric tons

101605 .. . .

Kilograms per squara centimeter

Table [ —Continued

Multiply By

WORK AND ENERGY™

0252 .
1,055.08
2.326 texacﬁvl
~1.35582

Kitogram calories
Joules

&ritish thermal urits (B}
Britisn thermal units {B1u)
Btu per pound
Footl-pounds

POWER

745.700
0,293071
1.35582

Horsepower ',
Bty per haur -
Foot-pounds par se:ond

HEAT TRA&éFEn

Pounds per square inch . .. .. . 0070307 . ... .. i L P— " T
Pounds per square ineh .. ... .- 0689476 .. ... ... ... . . Newtons per square centimeter- -, Bty infhr 2 degree F (k.
Pounds per square foot . . . . 488243 . ... ..., .. [ Kilograms per square meter thermal conductivity} . . . . . . 1,442 ... .. e e s Milliwatts/cm degree C |
Pgunds persquare fool . .. ... . 478803 .., ._..... e MNew1tons per square meter Btu in./hr ft2 degree F (K, ’ o
thermal conductivity) .. . . . . .. 0.1240 - .. .. Kgcallhr m degree C
MASS/VOLUME (DENSITY} B fifbr 2 degree F .. ... ... 1.4880 .. " Kagal m/hr m? degree €
. ' ' 2 grafnr 12 degree F IC,
Qunces per cuhicinch . ... ... 2999 .. ... L. Grams per cubic centimeter 1hermal conductance} . R 0568 ,....... e PR Milliwatts/cm? degree ©
Pounds per cubicfoot . . . ... .. WB/HBE L, ¥ilograms per cubic meter B/hr frd degree F (C. .
Pounds per cubic foot - . . ... .. D.0160185 . Grams per cubic centimeter thermal conductance} . .. _ . ABB? . v e e e Kg cal/hr m2 degree C
Tons {long} per cubic yard . . . . . 132894 ... .. ... Grams per cubic centimeter Degree F fir fréiate (8. .
. thermai resistancel . - - . . . YIET e eaes R, v+ oo Degree € cond/milliwatt
MASS/LAPACITY Brufil degree F i, heat capacny) . AABGE .t ehae e e e Jig degree ! >
’ . i Brufibdegran F . ... ... oL "1.000 N Calrgram degrea C
Cunces per gallon (BS) ... .. 7.4BG3 Grams per I!ter Erd/nr [therma) di'ﬂusiuityi' Crn Isec
Quncas per gatlon (UK ... ... 6.2362 Grams per lier FrZfhr (thernal diffusivity) . - ., M2
Pounds per gallen {USE ...... 119,829 Grams per liter -
Paunds per gallon (LK ... L. 99,779 Grams per liter
EE_NDING MOMENT OR TORQUE G}ainsh.lr 12 (water vapor) s 128 ke m2
igsi : /28 he m
inch-pownds GOUE2T . v Meterkilograms Peir:\';s:;::::a)née.) s : " Metric perms
* ineh paunds é:gggg; 0° .. -+ - Centimeter-dynes Perm-inches Ipermeablllw) ..... Metric perm-centimetars

Foot-pounds . Meter-kilograms

Footpounds ., 1.35582 « 107 . Cenume:er dynes
Foot-pounts pennch e e 54431 ... +voouo Gentimeter kitograms per centimater
Qunge-inches . _ ., ., ... ..., 72008 ... e e s Gram-gentimesers
VELQCITY
Feetpersecond . ... ....... 304B (exacthy) . . ... ia e Centimeters per second
Festpersecond . . _........ 0.3048 jexartly)” .. .. .. . .. . Meters per secand
Feetperyear . ... .. ....-.- *0.865873x10—6 .., .. ... .. ..... Centimeters per secand
Milesperhour . ..., ... oL 1.6009344 (exactly) . ....... v s Kilometers per hour
Milesperhour . ., . ... ... e DA4704 fexactly} .. - ... . fewe e Meters per second;
ACCELERATION®
Feat perse:cmd: e S ‘03048 L. ... ... [N PR Meters persemndz
ELOW _ _
Cubic feet per second
jsecond-feet) .. ... .. ... O2ENT L. .. T e e Cubic meters per second
Cubic feet perminute . .. .. ... 0418 L e ‘e Liters per second
Gallons {U.5.) per minute . . . ., . 006309 «. v vn v v e cennne s . ._Liters per second
FORCE"
"D453692 .. ... . S Kilograms
“4.4482 | . . Newions

Cynes

Table Il -
L . DTHER QUANTITIES AND UNITS iy
" Multiply . . By To obtain
_Eubic feet per square foot per day (seepegel *304.8 ........... Literspersquare mater per day
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-ABSTRACT

Selective outlet works provide an important means by which the quality. of water
withdrawn from reservairs may be controlled. This is the third and final repart in a series
and is part of a continuing effort to develop accurate pracllcabl_e design and operating
criteria for such outlets, The studies discussed here refine previously developed analyses,
including evaluation af previous simplifying assumptions, such as a linear density gradient

and equal hali-layer discharges. A method is presented for predicting velocity distributians

within a withdrawal layer. Layers restricted by either 1he water surface or reservair
bottam and unrestricted layers are considered. The method is compared wnth experlmental
and prototype data, S1ep-by-step design procedures are included.
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ABSTRACT

Selective outlet works provide an important means by which the quality of water
withdrawn from reservoirs may be controtled. This is the third and final report in a series
and is part of a continuing effort to develop accurate practicalzle design and operating
criteria for such outlets, The studies discussec here refine previously develpped analyses,
including evaluation of previous simplifying assumptions, such as a linear density gradient
and equal half-layer discharges. A method is presented for predicting velocity distributions
within a withdrawal layer. Layers restricted by either the water surface or reservoir
bottom and unrestricted layers are considered. The method is compared with experimental
and prototype data. Step-by-step design procedures are included.
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ABSTRACT

Selective outlet works provide an imporiait means. by wh:ch the quahty of water
withdrawn from reservoirs may be controlled. This is the third and final report in a series
and is part of a continuing effort to develop accurate practicable design and operating

~ criteria for such outlets. The studies discussed here refine"previously developed analyses,

including evaluation of previous simplifying assumptions, sisch as a linear density gradient
and equal half-layer:discharges. A method is presented for predicting velocity distributions
within "2 withdrawal layer. Layers restricted by either the water.surface ar reservoir
bottom and unrestricted layers are considered. The method is compared wnth expenmental
and protatype data. Step by-step de5|gn procedures are mcluded

ABSTRACT

Selective outlet works prnvlde an important means by w‘\:ch the quality of water
withdrawn from reservoirs may be controlled. This is the 1h-(d and final réport in a series
and is part of a continuing effort 1o develap accurate pracucable design and operating
criteria for such outlets. The studies discussed here refing previously developed analyses,
inciuding evatuation of previous simplifying assumptions, such as a linear density gradlent
and equal half-layer d-acharges A method is presented for predicting velocity d|51r|but.0n5
within a withdraw~ layer. Layers restricted by either the water surface- -oF " reservoir
battom and unrestricted layers are considered. The method is compared ‘with experimental
and prototype data. Step-hy-step design procedures are included”™"
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